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Please amend the Specification in the following manner: 
FIELD OF THE INVENTION 

fOOOll The present invention relates to plant tray s/conta i ners , systems and methods 
of matrix transfer and transplanting of plants /ooodl i ngo/piugs to increase plant yields, 
quality, production efficiency and to reduce the high labor requirement of plant transfer 
and transplanting to achieve automation of cultural and operational practices both in 
the field and greenhouse. It is related more particularly to a push-pull air-pruning 
tray/G©ntatneF structure that allows effective root air-pruning for superior plant growth 
and that allows plant removal either from the open bottom of the tray or open top of the 
trays /oont a in e r s. The present invention further related to a mechanically, 
pneumatically, hydraulically and/or electrically induced multiple plant/seedling/plug 
transfer and transplanting systems and methods for matrix transplanting one or more 
plants/seedlings/plugs from supply trays to the field or to containers using air-pruning 
trays as integrated components of the matrix transfer and transplanting system. 

BACKGROUND OF THE INVENTION 

[0002] T he rapid increases in demands for higher unit area production and quality 
crops with less labor have opened worldwide demands for full integration and 
interfacing of new plant culturing practices and machine systems. Billions of 
plants/seedlings/plugs/cuttings are transplanted yearly in various sectors of agriculture 
and forestry with tremendous amount of human labor, causing a major bottleneck in the 
production systems. Mechanization and automation are as important for plant- 
growersffanmers as it is for any other field of agriculture. This is because there is a 
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tremendous amount of labor involved in the operation of a nursery, and the 
growers/farmers have to contend with the problems of production efficiency, scarcity of 
labor and overall labor costs just as any other business. 

[00031 In seedling culturing practices one particular labor-intensive area is that of 
transferring and transplanting relatively young and small plants from their initial rooting 
containers to larger plant containers or to the field for further growth and development 
A great deal of nurseries and plant producing facilities generally perform this operation 
by hand. Consequently, plant transfer and transplanting are time consuming and very 
inefficient As a practical matter, the use of manual labor to transplant such plants 
severely limits the capacity of a farm or nursery for handling such transfer or 
transplanting operations. Therefore, there is and continues to be, a need for a fully 
automatic plant transfer and transplanting system that will automatically transfer and 
transplant plants/seedlings/plugs from an initial growing tray/container to a transfer 
area or second container for further growth and development in order to produce a 
superior plant in a greenhouse or in the field. Labor cost and availability, high costs of 
automation, as well as the inherent difficulties of plant/seedling/plug/cutting handling 
with a mechanical gripper (the main cause of misses, damages and unreliability) are 
the key problems to be resolved. 

[00041 T he innovative plant root-air-pruning technologies invented by Dr. Barney K. 
Huang have demonstrated many advantages including: elimination of root-binding, 
promotion of properly oriented root-branching for increased root-mass and vigorous 
growth, increased yields and quality, increased utilization cycles of greenhouse 
facilities, and savings on growth media, energy and fertilizer. The root-air-pruning 
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concept allows the development of unique trays that lends itself to a simple 
automated/robotic transplanting system such as that disclosed by Dr. Barney K. Huang 
in U.S. Pat. Nos. 5,179,800, 5,254,140, 5,298,041, 5,573,558 and 6,357,180. Air- 
pruning tray-cells/pots has open bottoms with detachable screens. The tray-cells/pots 
are larger at the bottom and smaller at the top to eliminate the inherent disadvantages 
of traditional tray-cells/pots that have smaller closed bottom with drain hole(s) and 
larger open top that makes the container-sidewall tapered outward toward the top 
resulting in improper sidewall angle to cause root binding (root spiraling and tangling), 
slow and non-uniform growth 

rOOOffl T he air-pruning tray-cell/pot/container design also utilizes the plant shoot 
characteristic that allows the foliage to fold together to go through the cell opening as 
the plant is pulled from the bottom or pushed from the top. This plant characteristic 
lends itself to an easy dislodging of the plant from the open cell/pot bottom and to the 
fully automated transplanting without using any types of grippers. Practical large scale 
field applications indicated that air-pruned cuttings and seedlings are significantly 
superior in growth performance both in the trays/containers and after transplanting and 
that effective fully automatic transplanting can be performed with the air-pruned 
plants/seedlings/plugs for various crops. However, many growers/farmers currently own 
transplanting machines and equipment, which were designed for traditional 
trays/flats/pots, yet, they want to use air-pruning trays/flats/pots which provide them 
with increased plant production, quality and yields. Therefore, there has been and 
continues to be a need for air-pruning trays/flats/pots that effectuate air-pruning but will 
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allow the plugs/seedlings/plants to be removed from the top of air-pruning 
trays/flats/pots. 

SUMMARY AND OBJECTS OF THE INVENTION 

r00061 T he present invention entails plant growing air-pruning trays /poto/oontoinoro 
and the matrix transfer and transplanting systems and methods that are designed to 
overcome the disadvantage and shortcomings of many prior arts. In particular, the air- 
pruning trays/po ts/conta in fe r s of the present invention is provided with a_tray- 
G elt /pot/ooota i n e r structure that allows plant removal either from the open bottom of the 
tray/pot or open top of the tray/pot and with a detachably supporting bottom screen that 
effectuates root air-pruning. The manually, mechanically, pneumatically, hydraulically 
and/or electrically actuated plant transfer and transplanting system is operative to 
receive air-pruning supply trays having a plurality of plant s/ooodl i ng s/pl ugs thor e in , 
transferring and transplanting one or more plant s/soodl i ng s /plo gs at a time from the 
supply trays utilizing push-rod or impulse type vacuum forces or other means to remove 
planto /G OO d li ngc/plugc from tray-cells/pets and eject or push them onto transfer areas 
such as the field ground or other plant containers. 

[0007L_lt is therefore an object of the present invention to provide an air-paining 
tra y/pot/contain e r structure that allows plant removal either from the open bottom of the 
tray/pot or open top of the tray/pet and with a detachably supporting bottom screen that 
effectuates root air-pruning. It is also an object of the present invention to provide a 
simple and low cost plant transferring and transplanting system for transplanting one or 
more plants/ s e edlings/plug s from one container or a supply tray/pet to a transfer area 
or second container. 

-7- 
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[0008] A nothor objoct of tho pre se nt inv e nt i on resides i n tho prov i sion of ae 
awtGf^atie transferring and transplanting system that utilizes an intermittent or impulse 
vacuum system for inducing the movement of a plant/ plug or a plurality of plants/ 
ooodlingc/plugo from a supply tray/pel to the field or containers to achieve fully 
automated transplanting. 

[0009] A nother object of the present invention is to provide a matrix transfer and 
transplanting system for automatically transferring groups of plants/plugs from an open 
bottom supply tray/pet by manually, mechanically, pneumatically, hydraulically and/or 
electrically pushing selected plants from and through the open bottom of the supply 
tray, 

[0010] a further object of the present invention is to provide a manual or automatic 
plant transfer and transplanting system using air-pruning trays as integrated 
components of the matrix transfer and transplanting method for the system. One group 
of plants forming a matrix within, one or a group of supply air-pruning trays is 
transferred and thereafter the entire supply tray or trays is sequentially shifted to a 
second position such that another like matrix of plants can be transferred and wherein 
this process is continued until the entire supply tray or tray s ar e is^emptied. 

r00111 Still a further object of the present invention is to provide an automatic plant 
transfer and transplanting system that is relatively simple and portable in construction 
and which is reliable and easy to use. 
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r00121 Other objects and advantages of the present invention will become apparent 
and obvious from a study of the following description and the accompanying drawings, 
which are merely illustrative of such invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG.1 is a perspective view of the matrix transfer and transplanting system 
according to an embodiments the present invention i llustrating that air prun i ng trays 
(supp l y tr a ys) a r e integrated compon e nts of th o sy s tem and that it can tranoplant 2 pots 
at a timo u sin g 2 i mpu l co v a cuum syst e m s or 2 flats at a timo uoing 2 cots of pu sh rods 
arrang e d i n matr i x formation . 

[00143 FIG 2 is a side view of a supply trav on an upper tab le according to an 
embodiment of the present invention, chows tho oporotional principl e of tho p l ant 
transf e r and transplant i ng system 

[0015] FIG. 3 is a side view of a portion of the system a ccording to an embodiment 
of the present invention. chowG th o o perationa l princip le of the plant transfer and 
tr a ns plant i ng c yct o m of tho procont invent i on i ll ustr a ting that mult i p l o plants aro 
instantly di s lodged downward and transplant e d into multi a ir pruning pot flat w i th push - 
rod forc e s ao tho opon bottoms oftray - c eHs match th e op e nings of indoxing tab le. 

[0016] FIG. 4 shows an exemplary Plant removal m echanism according to an 
embodiment of the present invention, t ho pn o um ati cally or hydraulica ll y act i vated 
i mpu lse ■ vacuum system of - th e pr e sont invontion with suction tub e at th o confer of 
round bollow (with fl e xiblo door at tho ond) activated by two cyl i nderc to gonorato 
i mpul se vacuu m^ 
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r0017l FIG. 5 shows an exemplary plant removal mechanism a ccording to another 
embodiment of the present invention. t ho pnoumat i oally or hydraulioally o ctivatod 
impulso vacuum o y s tom s of tho procont invontion with a squaro pyram i d s h a p ed 
b e l l ow. 

f00181 FIG. 6 through FIG. 11 illustrate a side view of the syst em during operation 
according to an embodiment of the present invention, a r e a s e quonco of front olovat i on 
viowo of an automat i c tran c plantor of tho p r ooont invontion i l lu s trating a cor 4 oo of matrix 
plant tr a n s foro and transplanting from an a ir - pruning supply tray to an undorlying mult i- 
pot r e c ei ving flat with F I G. 6 il l ustrating th e i nitia l positions of uppor and lowor indexing 
tab l es, rolativo locations of air pruning tray &p und orly i ng flat s , pu s horc and dibb l orR 
Th o first flat has boon dibblod) and tho second f l at is r e ady to bo d i bblod by moving the 
tow e r tab l o upward; F I G, 7 i l l ustrat i ng th e dibb l ing oporat i on i s complotod for the 
cocond flat whilo tho fir s t flat is r e ady for transplanting. Tho uppor and lowor tab les 
movo upward togothor to oomploto tho transplant i ng oporation for th e fir s t f l at with tho 
stationary pushor s above; F I G. 8 illustrat i ng both tablos be i ng mo ved u pward to a 
preoot point co that all o oo dlings for the fir s t flat a ro transp l anted by pu c hors to flat so n 
l o vo l i n ono oporat i on. Wh i l e pu s horc ho l d down tho sood li ngs) th e uppor tab l o moves 
upward to a pres e t point to o l oar tho s oo dl i ngs; FIG- 9 showing th e trancplant i ng 
oporat i on for tho first flat and dibbl i ng oporation for th e cooond flat aro complotod and 
both tabl o s a r o moving downward bac k- to tho i n i tia l tabl e positions shown i n F I G. 6; 
FIG. 1 0 showing both tabloc aro at tho initial position and the first f l at is roady to bo 
oorweye d-out) a l lowing tho se cond flat moving i nto transp l ant i ng pos i t i on a nd the th i r d 
sot of flat to bo convoyod into dibb l ing po siti on; and final l y FIG. I I i l l ustrating the fir s t 
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fl at i o convoyed out and tho seco nd-41at- t&^eady-fef-t ronoplant i ng and tho th ird-flat-is 
roady to bo dibb l od. 

r00191 FIGS. 12 and 13 illustrate a Plant transfer and tr ansplant configuration 
according to one embodiment of the present invention, roopootivoly ill uptrato tho 
be ginn i ng and f i nal pocitionc of 288 co l l air pruning tray bo i ng soquontia l ly indoxod for 
matrix tranofor and trancp l ant 2* 4 mu l ti - pot flat or 8 p l ants at oaoh i ndoxing. 

r00201 FIGS. 14 and 15^ -illustrate a plant transfer and transpla nt configuration 
according to another embodiment of the pre s ent invention, roopoctiv eiy-i l l uctroto tho 
be g i nn i ng and f i na l pocit i ono of 268 col l air pruning tr a y boing coquont i a l ly i ndoxod for 
matr i x tr a nsfer and trancplant 3x6 mu l t i- pot flat or 1 8 plant s at oaoh i ndox i ng. 

[0021] F IGS. 16 and 17 illustrate a Plant transfer and transplant co nfiguration 
according to another embodiment of the present invention, ro o pootivo l y i ll uctrato the 
boginning and final pocitions of 288 coll air prun i ng tray bo i ng coquont i ally i ndoxod for 
matrix transfer and tran c p l ant A x 8 mu l t i- pot flat or 32 p l ants at oaoh indoxi n g. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] W ith reference to FIG. 1, the automatic matrix transfer and transplanting 
system of the present invention indicated generally by the numeral 100r includes a. 
plant supply trav t ho puoh pu ll oir prun i ng trays 10, the-anupper indexing table 20 with 
i ntorchangoablo oponing p l at es 21 and matching dibb l or p l atoc 22 , the^anX-y-indexing 
frame 23, the-ajower ind e x l ng/ convey ing table 30, the-a jnd e xing/ conveying belt 31, § 
supporting frame 40, and a plant extraction mechanism, such as detachable impulse 
vacuum systems 50. and interchangeable push-rod plates 60 and pushers 61 As will 
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be appreciated from subsequent portions of this disclosure, the plantfptug supply tray 
10 can be an air-orunina trav that f orms a part of the transplanting system designed to 
transfer one or more plants at a time from a-thesupply tray 10_to a receiving area such 
as pots, multi-pot flats or the field environment. 

ro0231 T he matrix transfer and transplanting system 100 is designed to receive a 
one or more s upply trays 1 0. each of which that-includes an open top and bottom and a 
plurality of aligned and uniformly spaced truncated pyramid or gonora l ly cono s haped 
plant cells 1 1 formed in the tray, as shown in FIG. 2. to hold plants. Matrix transfer and 
transplanting system 100 is designed to transfer rocpoctivo t he_plant s/oood li ngc/plugs 
from the supply tray 10 to the plant receiving areas in amatrix formation, whic h can b e 
i nd i v i dually s e parat e d pot o , multi pot flat s , a nd tho fiold onvironmont . 

100241 T urning now to a d i scu s s i on of m a tr i x transf e r m ea n s 100, th e s am e 
TTfT m p ri i ^T a » r r 'Y *ray h "' Hi "Q. indexing mean s •n , According to one embodiment, the 
upper indexing table 20 tha*-includes therein -one or more matrix o penings m ea n s 2 1 as 
shown in FIGS. 2 and 3. The matrix oQ penings means-21 cou l d i ncludo a s i ngl e 
opon i ng or a plurality of opon i ngo that aro part i cularly opac e d can be arranged to 
correspond to one or more w ith respect to tho individual cells 11 of the supply tray 1 0. 
This allows selecting cells 11 of the supply tray 10 to align with matrix openings 21 
when the supply tray assumes a selected position thoroovor . In any event, as will be 
understood and appreciated from subsequent portion of this disclosure, the function of 
the openings meane-21 is to permit selected plants/s oodl i ngs/p lug6 to be removed pass 
t h orothrough ac thoy a f odio l odgod fr om the supply tray cells 1 1 To eontoin and control 
the movement of the supply tray 10, matrix transfer system 100 comprises X- y-type-the 
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indexing frames 23 shown in FIG. 1. The indexing fra me 23 includes frames tftat are 
movably mounted over the table 20 of the matrix transfer system 100 and for 
receiveing, holding and indexing the sudpIv tray 10. The i ndexing frames_23 can be 
indexed in X or yY direction about the table 20 manually or via usittfl-electrical, 
hydraulic, pneumatic, mechanical and/or manual means. 

n)02S] A lso forming a part of th e matrix transfer moans of th e presort in v ention i s 
According to one embodiment of the present invention, t he lower i ndox i ng/ conveying 
table 30 and i nd e x i ng/ conveying belt 31_^-Wr-functions to align t ranofor t he rocpoct i vo 
plant receiving m ea n s area 3 2 to an appropriat e p l anting pos i tion -under the plant 
extraction mechanism, e.g.. suction tubes 51 or pushers 61 * where the transfer of 
plants actually takes places and under the dibblers 22 . as shown in FIG. 3. whoro tho 
dibbling of growth m e dia tak e s p l ace. It is appreciated that the i nd e x i ng/ conveying belt 
31 would be operated in time relationship to the indexing frame 23. In this regard it 
should be appreciated that matrix transfer system 100 of the present invention is 
designed so as to plant all of the underlying plant receiving m e an s a rea 32 at the same 
time with one or more smate-/ multi-tubes 51 or one or more s inQlo - /mu l ti -PUShers 61 
for one or more en o /mult i plants at a time ^ with tho indexin g/conv e ying table 30 a nd 
indexing/conv e y i ng bo l t 31. O nce the underlying plant receiving moans a rea_32 has 
been planted, tben-4he i nd e xing/ conveying belt 31 is op e rat i v e- te-advances those tha 
plants and assoc i at e d cont ai n e rs f rom a planting position underneath the upper 
indexing table 20. Right after A s the plants p lanted conta i norc havo boon a rg_moved 
from the planting position undeFbeneath the upper indexing table 20, the 
index i ng/conveying bolt 31 ic oporativo to advanoo a next receiving area 32 is 
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advanced g foup-e^eoRtaiRerfr-to the planting position undeFbeneath the upper indexing 
table 20. Thus, the next receiving area 32 is ready to rece ive another batch of plants 
from the suddIv trav 10. 

[0026] T urning now to FIG. 4, which chows t he pnoumatical l y or hydrau l ically 
activated-impulse vacuum system 50 is shown according to on e embodiment of the 
present invention -i nd i cated gen e ral l y by tho numoral 50 . The vacuum system 50 
includes a T he-suction tube 51 attached at the upper center of around bellow 52 and 
the lower end is attached to the-atelescoping tube inside the bellow 52_with a flexible 
door 53 at its end. The bellow 52 is activated by two cylinders 54 to generate impulse 
vacuum at the suction tube 51 as the bellow 52 is expaended by activating the 
cylinders 54 which causes the flexible door 53 to close automatically. In another 
embodiment, shown in FIG. 5. the impulse vacuum s ystem SO includes a The 
alternative-square pyramid shaped bellow 52- and tho moans of activat i on i s shown in 
PIG. 5. The pyramid shaped bellow 52 tends to provide a larger initial impulse vacuum. 

[0027] Turn i ng to the op e ration of tho matr i x tran s fer and transplanting sy s t e m 1QQ 
of tho pres e nt i nvent i on roforonoo is f i rst made to FIG- 6 through FIG. 11 are diagrams 
of an exemplary system during an operational sequence accord ing to one embodiment 
of othe present invention, t hat il l ustrat e a s e quenc e of automatio transplant i ng 
i l l ustrating a oor i o& - of matr i x p l ant transf e r s and transp l anting from an air prun i ng 
supp l y tray 10 to an und e rlying mu l t i pot r e c e iving flat 32. Th e soqu^nce of pl a nt 
transfer and tran s p l an ti ng start s with FIG. 6 shgws jl l ustrat i ng t he initial positions of the 
upper table 20 a nd the lower ind e xing conveying t ables 20 and 30, relat i v e l ocat i ons of 
air pruning t he plant supply t rays 10 r a first plant receivin g aream dor l ying fl a t s 32A 
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and a next receiving area 3 2B. pushers 61 and dibblers 22. The first flat-receiving area 
32A has been dibbled, and the second flat- receiving area 32B is ready to be dibbled by 

moving the lower conveying t able 30 upward, ^-FIG. 7 illustratesing the dibbling 

operation te oomplotod f or the second flat -receiving area 32B while the first flat 
receiving area 32A is ready to receive one or more plants from the s uoolv trav 10fer 
transp l ant i nQ .JThe upper table 20 and lower conveying t able c 20 and 30 move upward 
together toward the stationary pushers 61 above to comp le t e begin the transplanting 
operation for the first flat -receiving area 3 2A. w i th tho stationary puohoro 61 obovo; 
FIG. 8 i l lu s trating showsboth tables 20 and 30 being moved upward to a preset point 
so that all s e e dling s plants f or the first fla^ -receivina area 3 2A are transplanted by 
pushers 61 to flat soil level in one operation. In one embodiment. wW hile pushers 61 
hold down the s ee d li no s plants. the upper table 20 moves upward to a preset point to 
clear the seedlings. f -Once ri G* 0 showing _ the transplanting operation for the first flat 
receiving area 32A and dibbling operation for the second flat -receiving area 3 2B are 
completed^ aed-both tables 20 and 30 are moving moved downward back to the initial 
table positions (FIG. 9). shown i n F I G. 6; FI G . 10 showing Once b oth tables 20 and 30 
are at the initial position, aod-the first flat -receiving area 3 2A is ready to be conveyed 
out, allowing the second flat -receiving area 3 2B to move m oying-into transplanting 
position and the-a_third flat- receiving areaJ 32C to be loaded c onvovod into the_dibbling 
position as shown in FIG. 10 and FIG> 11 1 r - and fina l ly F I G. 11 i ll uotrot i ng tho fi rst flat 
32A i s convoyod out and tho s e cond flat 32B is roady for transp l ant i ng a nd tho third flat 
32G-is ready to be- dibbled. 
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rOQ281 It should be appreciated that the matrix transfer and transplanting system of 
the present invention can be adapted to accommodate various size plant trays lOand 
multi-pot flats 32 with varying numbers of plant cells and pots formed therein. For 
example. A c ill ustrations FIGS. 12 and 13 respectively show the feegiww^in^ 
final positions of a_288-cell air-pruning tray 10 being sequentially indexed to transfer 
and transplant 2 x 1 mu l ti pot flat 32 i n matr i x format i on or 8 plants into a matrix 
formation a t each indexing^_i— FIGS. 14 and 15 respectively i l l uctrate show t he 
bemnrHBe -initial and final positions of the 288-celt air-pruning tray 10 being sequentially 
indexed to transfer and transplant 3x6 mu l t i pot flat 32 i n matrix formation or 18 plants 
into a 3 x 6 multi-pot flat 32 in matrix formation a t each indexing^^and-FIGS. 16 and 17 
respectively i l l ustrat e s how t he b e ginn i ng initial a nd final positions of the^288-cell air- 
pruning tray 10 being sequentially indexed to transfer and transplant 4 x 8 mu l t i- pot - fte t 
32 in matr i x formation or 32 plants into a 4 x 8 multi-pot flat 32 in matrix formation at 
each indexing. Once the supply tray 10 comes to the final position, L%. QP-a» 
plant s/ s o o d li ng s /p l ugs h a s _haye been transferred and transplanted, then-the empty 
plant supply t rav 10 is removed from the indexing frame 2 3. and t -A a new loaded plant 
tray 10 can be fe -placed within the indexing frame 23 or supp l y tray hold i ng and 
i ndexing m e ans 23 . 

f00291 From the foregoing specification and discussion it is appreciated that the 
present invention entails a plant tray/container system that lends itself to air-pruning 
and automated matrix transfer and transplanting with manual or machine operation. 
The air-pruning tray becomes part of plant transfer and transplanting system for an 
effective and efficient operation. 
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